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ANSWER 2 OF 2 MEDLINE on STN 

AN 97476276 MEDLINE 
DN PubMed ID: 9334252 

TI C-Mannosylation of human RNase 2 is an intracellular 

process performed by a variety of cultured cells. 
AU Krieg J; Glasner W; Vicentini A; Doucey M A; Loffler A; Hess D; Hofsteenge 

J 

CS Friedrich Miescher-Institut , P. 0. Box 2543, CH-4002 Basel, Switzerland. 
SO The Journal of biological chemistry, (1997 Oct 17) Vol. 272, No. 
42, pp. 26687-92. 

Journal code: 2985121R. ISSN: 0021-9258. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199711 

ED Entered STN: 24 Dec 1997 

Last Updated on STN: 24 Dec 1997 

Entered Medline: 17 Nov 1997 
AB C2-alpha-Mannosyl tryptophan was discovered in RNase 2 from human urine, 

representing a novel way of attaching carbohydrate to a protein. Here, we 

have addressed two questions related to the biosynthesis of this 

modification: (i) is C-mannosylation part of the 

normal intracellular biosynthetic route, and (ii) how general is it, i.e. 
which organisms perform this kind of glycosylation? To answer the first 
question, RNase 2, which is identical to the eosinophil -derived 
neurotoxin, was isolated from intracellular stores of cultured human HL-60 
cells. The enzyme was C-mannosylated at Trp-7, 

showing that the modification occurs intracellularly , before secretion of 
the protein. The second question was investigated by immunological and 
chemical analysis of RNase 2 purified from the supernatant of transiently 
transformed cells from different organisms. This revealed that C 
-mannosylation occurs in cells from man, green monkey, pig, 
mouse, and hamster. The observation that pig kidney cells contain the 
machinery for C-mannosylation of Trp-7 of human RNase 

2 but that the homologous RNase from porcine kidney is not a substrate, 
since it does not contain a tryptophan at position 7, strongly suggests 
that C-mannosylated proteins other than RNase 2 exist. 

Recombinant RNase 2 isolated from insect cells, plant protoplasts, and 
Escherichia coli was not C-mannosylated. These 

results not only form the basis for further studies on the biochemical 
aspects of C-mannosylation but also have implications 
for the choice of cells for production of recombinant glycoproteins. 
CT Animals 

Antibody Specificity 
Cell Line 

Cloning, Molecular 
Endoribonucleases : GE, genetics 
*Endoribonucleases : ME, metabolism 
Humans 

Mass Spectrometry 
Peptide Mapping ■ 

Tryptophan: AA, analogs & derivatives 
Tryptophan: ME, metabolism 
RN 73-22-3 (Tryptophan) 

CN 0 (C (2) -mannosyl tryptophan) ; EC 3.1.- (Endoribonucleases); EC 3.1.27.- 
(ribonuclease U) 
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ANSWER 3 OF 3 BIOSIS COPYRIGHT (c) 2007 The Thomson Corporation on STN 

DUPLICATE 2 
AN 1998:167870 BIOSIS 
DN PREV199800167870 

TI Protein C-mannosylation is enzyme -catalysed and uses dolichyl-phosphate- 

mannose as a precursor. 
AU Doucey, Marie-Agnes; Hess, Daniel; Cacan, Rene; Hofsteenge, Jan [Reprint 

author] 

CS Friedrich Miescher-Inst . , PO Box 2543, CH-4002 Basel, Switzerland 
SO Molecular Biology of the Cell, (Feb., 1998) Vol. 9, No. 2, pp. 291-300. 
print. 

CODEN: MBCEEV. ISSN: 1059-1524. 
DT Article 
LA English 

ED Entered STN: 6 Apr 1998 

Last Updated on STN: 4 May 1998 

AB C-mannosylation of Trp-7 in human ribonuclease 2 (RNase 2) is a novel kind 
of protein glycosylation that differs fundamentally from N- and 
O-glycosylation in the protein-sugar linkage. Previously, we established 
that the specificity determinant of the acceptor substrate (RNase 2) 
consists of the sequence W-x-x-W, where the first Trp becomes 
C-mannosylated. Here we investigated the reaction with respect to the 
mannosyl donor and the involvement of a glycosyltransf erase . 
C-mannosylation of Trp-7 was reduced 10-fold in CHO (Chinese hamster 
ovary) Lecl5 cells, which are deficient in dolichylphosphate-mannose 
(Dol-P-Man) synthase activity, compared with wild-type cells. This was 
not a result of a decrease in C-mannosyltransf erase 

activity. Rat liver microsomes were used to C-mannosylate the N- terminal 
dodecapeptide from RNase 2 in vitro, with Dol-P-Man as the donor. This 
microsomal transferase activity was destroyed by heat and protease 
treatment, and displayed the same acceptor substrate specificity as the in 
vivo reaction studied previously. The C-C linkage between the indole and 
the mannosyl moiety was demonstrated by tandem electrospray mass 
spectrometry analysis of the product. GDP -Man, in the presence of Dol-P, 
functioned as a precursor in vitro with membranes from wild-type but not 
CHO Lecl5 cells. In contrast, with Dol-P-Man both membrane preparations 
were equally active. It is concluded that a microsomal transferase 
catalyses C-mannosylation of Trp-7, and that the minimal biosynthetic 
pathway can be defined as: Man -> GDP -Man -> Dol-P-Man -> (C2 -Man- ) Trp . 

CC Metabolism - Proteins, peptides and amino acids 13012 
Enzymes - Physiological studies 10808 
Digestive system - Physiology and biochemistry 14004 

IT Major Concepts 
Metabolism 

IT Parts, Structures, & Systems of Organisms 

liver microsome 
IT Chemicals & Biochemicals 

dolichyl -phosphate -mannose synthase; glycosyltransf erase; microsomal 

transferase : activity; C-mannosyltransf erase : 

activity 
IT Miscellaneous Descriptors 

protein C-mannosylation 
ORGN Classifier 

Cricetidae 86310 
Super Taxa 

Rodent ia; Mammalia; Vertebrata; Chordata; Animalia 
Organism Name 

CHO Led 5 
Taxa Notes 

Animals, Chordates, Mammals, Nonhuman Vertebrates, Nonhuman Mammals, 
Rodents , Vertebrates 
ORGN Classifier 

Muridae 86375 
Super Taxa 
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Taxa Notes 
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AN 1999:288375 CAPLUS 
DN 131:86723 

ED Entered STN: 11 May 1999 

TI Recombinant human interleukin-12 is the second example of a C-mannosylated 
protein 

AU Doucey, .Marie-Agnes; Hess, Daniel; Blommers, Marcel J. J.; Hofsteenge, Jan 
CS Friedrich Miescher-Institut , Basel, CH-4002, Switz. 
SO Glycobiology (1999), 9(5), 435-441 

CODEN: GLYCE3; ISSN: 0959-6658 
PB Oxford University Press 
DT Journal 
LA English 

CC 15-5 (Immunochemistry) 

Section cross-reference (s) : 7 
AB The p-chain of human interleukin 12 (IL-12) contains at position 
319-322, the sequence Trp-x-x-Trp. In human RNase 2 this is the 
recognition motif for a new, recently discovered posttranslational 
modification, i.e., the C-glycosidic attachment of a mannosyl residue to 
the side chain of tryptophan. Anal, of C-terminal peptides of recombinant 
IL-12 (rHuIL-12) by mass spectrometry and NMR spectroscopy revealed that 
Trp-319P is (partially) C-mannosylated. This finding was extended by 
in vitro mannosylation expts., using a synthetic peptide derived from the 
same region of the protein as an acceptor. Furthermore, human 
B-lymphoblastoid cells, which secrete IL-12, were found to contain an 
enzyme that carries out the C-mannosylation reaction. This shows that 
non- recombinant IL-12 is potentially C-mannosylated as well. This is only 
the second report on a C-mannosylated protein. However, the occurrence of 
the C-mannosyl -transferase activity in a variety of cells and tissues, and 
the presence of the recognition motif in, many proteins indicate that more 
C-mannosylated proteins may be found. 
ST interleukin 12 tryptophan mannosylation 
IT Interleukin 12 

RL: PRP (Properties) 

(C-mannosylation of) 
IT B cell (lymphocyte) 

(C-mannosylation of tryptophan residue 319P in human 
interleukin-12 expressed by cell line for) 
IT Animal cell line 

(CHO; C-mannosylation of tryptophan residue 319p in human 
interleukin-12 expressed by) 
IT Animal cell line 

(NC-37; C-mannosylation of tryptophan residue 319P in human 
interleukin-12 expressed by) 
IT Glycosylation 

(mannosidation; of tryptophan residue 319p in human 
interleukin- 12 ) 
IT 229477-64-9, Interleukin-12 C-mannosyl trans f erase 

RL: BAC (Biological activity or effector, except adverse); BOC (Biological 
occurrence) ; BSU (Biological study, unclassified) ; BIOL (Biological 
study) ; OCCU (Occurrence) 
(of NC-37 B-cell line) 
IT 180509-18-6 

RL: BOC (Biological occurrence) ; BSU (Biological study, unclassified) ; 
BIOL (Biological study) ; OCCU (Occurrence) 
(of human interleukin-12) 
IT 73-22-3, Tryptophan, biological studies 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
(Biological study) ; PROC (Process) 

(residue 319P; C-mannosylation of tryptophan residue 319p in 
human interleukin-12) 
RE.CNT 23 THERE ARE 23 CITED REFERENCES AVAILABLE FOR THIS RECORD 
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UNIVERSITAETSSTRASSE 31, W-84 00 REGENSBURG, W GER 
SO European Journal of Biochemistry, (1991) Vol. 196, No. 1, pp. 185-190. 

CODEN: EJBCAI. ISSN: 0014-2956. 
DT Article 
FS BA 
LA ENGLISH 

ED Entered STN: 9 May 1991 

Last Updated on STN : 9 May 1991 

AB The enzyme dolichyl-phosphate-D-mannose :protein O-D-mannosyltransf erase 
has been solubilized from Saccharomyces cerevisiae membranes and its 
mannosyl trans f erase activity demonstrated using short 
peptides. The specific activity of the protein was enriched 130-fold 
before it was further purified by native and SDS gel chromatography. A 
92-kDa band correlated well with the enzyme activity; an antibody 
raised against this protein precipitated the mannosyltransf erase . The 
92-kDa band was hydrolysed to 84 kDa after treatment with endoglycosidase 
F, indicating that the protein is a glycoprotein which may contain four 
carbohydrate chains. The purified mannosyltransf erase is distinctly 
influenced in transfer specificity by amino acids next to serine and 
threonine within the acceptor peptides. Thus acidic amino acids strongly 
inhibit acceptor activity as do glycine and proline residues as 
amino- terminal and carboxy- terminal neighbours, respectively. 
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AB The enzyme dolichyl -phosphate -D-mannose : protein O-D-mannosyltransf erase 

has been solubilized from Saccharomyces cerevisiae membranes and its 

mannosyltransf erase activity demonstrated using short 

peptides. The specific activity of the protein was enriched 130-fold 
before it was further purified by native and SDS gel chromatography. A 
92-kDa band correlated well with the enzyme activity; an antibody 
raised against this protein precipitated the mannosyltransf erase . The 
92-kDa band was hydrolysed to 84 kDa after treatment with endoglycosidase 
F, indicating that the protein is a glycoprotein which may contain four 
carbohydrate chains. The purified mannosyltransf erase is distinctly 
influenced in transfer specificity by amino acids next to serine and 
threonine within the acceptor peptides. Thus acidic amino acids strongly 
inhibit acceptor activity as do glycine and proline residues as 
amino- terminal and carboxy- terminal neighbours, respectively. 
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AB In the yeast Golgi compartments, at least five, and potentially several 

additional mannosyltransf erases are involved in elongating to 'mannan' the 
core Man-8GlcNAc-2 oligosaccharide trimmed f rom Glc -3Man- 9gGlcNAc -2 in the 
endoplasmic reticulum. Structural studies on oligosaccharides from alg3 
mutant yeast, which lack the four upper arm mannoses donated by Man-P-Dol 
(where Dol is dolichol) , verified that the new alpha- 1, 6 -branch in endo 
H-resistant mannan in this strain is efficiently initiated in vivo on the 
alpha-1, 3-linked core residue of the lipid-oligosaccharide form of 
Man-5GlcNAc-2 (Verostek et al . , J. Biol. Chemical, 266, 5547-5551, 1991). 
This Man-5GlcNAc-GlcNAc (3H)ol isomer (where GlcNAc(3)ol is 
N-acetylglucosamin(l-3H) itol) was found to be an excellent acceptor for a 
number of GDP-Man-dependent Golgi mannosyltransf erases in 
detergent-solubilized yeast membrane preparations: an (alpha-1, 3- 
mannosyltransf erase (Mnnlp) , an (alpha-1, 6 -mannosyltransf erase (Ochlp) and 
two alpha-1, 2 -mannosyltransf erases (Mntlp/Kre2p, ?) whose products were 
readily identified by 1H NMR spectroscopy. The Man-6GlcNAc-GlcNAc (3H) ol 
isomers formed were easily defined by alpha-1, 2 -mannosidase sensitivity 
and either Bio-Gel P-4 gel filtration or AX 5 high-performance liquid 
chromatography. In general, mannosyltransf erases present in 
detergent-solubilized microsomes from most yeast strains mimicked the 
array of sugar linkages observed on their respective glycoproteins. 
However, in the case of the Saccharomyces pmrl mutant, an 
alpha-1, 3 -mannosyltransf erase was active in microsomal extracts, but the 
alpha-1, 3 -Man epitope could not be identified on Western blots of cellular 
glycoproteins using sugar linkage-specific antibodies or 
lectins. The in vitro transferase assay is simple, rapid and accurate, 
and in the case of pmrl suggests that in vivo either invertase is 
misrouted during secretion or the alpha-1, 3 -mannosyltransf erase is 
mistargeted after its synthesis in this mutant. 
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(where Dol is dolichol) , verified that the new alpha -1, 6 -branch in endo 
H-resistant mannan in this strain is efficiently initiated in vivo on the 
alpha-1, 3-linked core residue of the lipid-oligosaccharide form of 
Man-5GlcNAc-2 (Verostek et al . , J. Biol. Chemical, 266, 5547-5551, 1991). 
This Man-5GlcNAc-GlcNAc (3H) ol isomer (where GlcNAc(3)ol is 
N-acetylglucosamin (1-3H) itol) was found to be an excellent acceptor for a 
number of GDP -Man-dependent Golgi mannosyltransf erases in 
detergent-solubilized yeast membrane preparations: an (alpha-1, 3- 
mannosyltransf erase (Mnnlp) , an (alpha- 1 , 6 -mannosyltransf erase (Ochlp) and 
two alpha-1, 2 -mannosyltransf erases (Mntlp/Kre2p, ?) whose products were 
readily identified by 1H NMR spectroscopy. The Man-6GlcNAc-GlcNAc (3H) ol 
isomers formed were easily defined, by alpha-1, 2 -mannosidase sensitivity 
and either Bio-Gel P-4 gel filtration or AX 5 high-performance liquid 
chromatography. In general, mannosyltransf erases present in 
detergent-solubilized microsomes from most yeast strains mimicked the 
array of sugar linkages observed on their respective glycoproteins. 
However, in the case of the Saccharomyces pmrl mutant, an 
alpha-1, 3 -mannosyl transferase was active in microsomal extracts, but the 
alpha-1, 3 -Man epitope could not be identified on Western blots of cellular 
glycoproteins using sugar linkage-specific antibodies or 
lectins. The in vitro transferase assay is simple, rapid and accurate, 
and in the case of pmrl suggests that in vivo either invertase is 
misrouted during secretion or the alpha-1 , 3 -mannosyltransf erase is 
mistargeted after its synthesis in this mutant. 
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J. Biol. Chem., Vol 278, Issue 48, 47724-47730, November Mf; 2003 • 

An a-l 5 3-Mannosyltransferase of Cryptococcus 
neoformans* 

Ulf Sommert, Hong Liu, and Tamara L. Doeringl 

From the Department of Molecular Microbiology, Washington University Medical 
School, St. Louis, Missouri 631 10 

Cryptococcus neoformans is a pathogenic fungus, distinguished by an elaborate 
polysaccharide capsule that is essential for its virulence. As part of an effort to 
understand the biosynthesis of this important structure, we initiated purification of 
an<*-l,3-mannosyltransferase with appropriate specificity for a role in building the 
main capsule polysaccharide, glucuronoxylomannan. A pool of proteins that was 
5,000-fold enriched in this activity included several polypeptides, which acted 
potentially as the catalytic protein. These were analyzed using sequence 
information and double-stranded RNA interference. Interference that targeted a 
sequence corresponding to part of a 46 kDa protein in the enriched fraction 
abolished the activity of interest and reduced the capsule on the affected cells. This 
gene was cloned and expressed in^c^va^form in Saccharomyces cerevisiae to 
confirm function, and was termMCMTJ^or cryptococcal mannosyltransferase 1. 
CMT1 has no confirmed homologs in GenBank™ other than CAP59, a cryptococcal 
gene encoding a protein of unknown function that is required for capsule synthesis 
and virulence. The Cmtlp protein also co-purifies with a homolog of CAP 64, a 
gene whose product has similarly been implicated in capsule synthesis and 
virulence. A strain disrupted in CMTl was generated in C neoformans; this had no 
effect on virulence in an animal model of cryptococcosis. 
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